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OBJ ECT

To develop a method for determining the enthalpy and the specific heat of
explosives and related compounds, and to determine the enthalpy and heat capacity

of eleven metal-organic and other co.npounds of interest in the field of explosives.

SUMMARY

A,. ice calorimeter is described which can be used to determine the specific

heat and enthalpy or heat content of explosives, propellants, and other sensitive

compounds. The specific beat and enthalpy of the eleven compounds shown below

were determined. E7xrept for silver thiocyanate and silver cyanamide, measurements
were made in the temperature range -78' to +70'C. The enthalpy of silver thiocyanate

was determined between OC and 70cC. Measurements for silver cyanamide were made

in the! range -78*C to +50OC. Equations for specific heat and enthalpy of each of

the compounds were calculated.

Compounds studied:

Silver thiocyanate--Ag CNS Ag ,") i
Silver cyanamide-Ag5 CNs H. 0N

Silverdinitrobenzfuroxan--Ag 
DNBF (C, H2 N4 OAg)| N 0

H

Copperniocyanrtie--Cu (CNE) ,NO
Coppermethylenebliniutosohydroxylamine (sic) H,1 A - 0 u

(C H, N4 04 Cu)--Cu MBNHA I1 "CN -U
Potassiumdinitrobenzfuroxan KDNBF (CHzN40, K) I

Lead methylenebianitrosohydroxylamine 
NO

(CH, N4 04 Pb)--Pb MBNHA
Leadthiocyanate--Pb (CNS),
Lead styphnate--Pb Styphnate
Lead azide--Pb No
Stann ous methylenebisnitrosohydroxylamine

(CH, N4 04 Sn)--Sn MBNHA
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INTRODUCTION

1. A survey of the literjture of explosi'es, prorcllants, and related compounds
shows that the data on the thermochemical and phy,;ical properties of these
compounds are not complete. The enthalpy and specific heat are but two of the
properties for which there is little information. In this investigation the specific
heat and the enthalpy of eleven metal-organic compounds of interest in the field
of explosives and propellants were determined.

2. The compounds ,tudied in this report include lead azide (dextrinated),
lead styphnatc, the cupric, stannous and lead salts of methylenebisnitro-
sohydroxylamine, the silver and pokassium salts of dinittobenzfuroxan, silver

cyanamide, and cuprous, lead, and silver thiocyanate. These compounds were
furnished by the Chemical Research Section of the Samuel Feltman Ammunition
Laboratories.

3. To make these determinations an ice calorimeter was constructed, !ike
the one developed by Robe Bunsen in 1870 (Ref A) and refined by the
U. S. Bureau of Standards (Ref D, E, F) so that precision measurements could
be made.

4. The ice calorimeter is also suitable for making measurements on small
samples, and does not require any electrical instruments for making these
measurements. All these factors make this type of calorimeter suitable for use
with sensitive compounds. It was decided therefore that an apparatus similar to
the one used by the National Bureau of Standards be modified for use at this
installation.

5. The principle of the ice calorimeter is based on the heat of fusion of ice
and the difference in density between ice and water. To measure the heat content
of any substance, the substance to be measured is equilibrated at the desired
temperature and then dropped into the calorimeter, which consists essentially
of ice surrounded by water in contact with mercury Any difference in
temperature between the sample and the ice calorimeter (which is at O0C) is

reflected by a shift in equilibrium between the solid and liquid water phases.
This shift results in a displacement of mercury. The amount of mercury displaced
is directly proportional to the enthalpy of the sample.

6. Laboratories in this country are using the ice calorimeter only for
mear -wing enthalpy and heat capacity above 0*C. Swietoalawski (Ref B) stated
that the ice calorimeter was used to make measurements below O°C in European
laboratories. The present study indicates that measurements made with the
ice calorimeter below 0o' are as precise as measurements made above 00C.

2

CONFIDENTIAL



CONFIDENTIAL

RESULTS

The results of the individual experiments are listed in Table 1. The
compounds studied are designated by their chemical formulae or by abbre ,iations.
The column "Total Gms Hg" shows the aniount of inercury affec.ed in a sinigle
experiment together with the average value for the series of experiments plus the
standard deviation. The values in this column include the amount of mercury
displaced from the well or the inner calorimeter by the capsule as well as the
sample in the capsule. The column Ht .-o indicates the change in enthalpy in
cal/gm between 01C and any given temperature. This value includes corrections
for moisture in the sample as well as the correction for the effect of the capsule
on the enthalpy. (The correction for the capsule and the moisture is discussed
under general errors.) The last column (H.. Ho calculated) lists the enthalpy
values whic! -!-e calculated from the equations of Table 2. The experimental data
of tb- ert'--.py change vs temperature is plorred in Figures 1 through 4. Except
for Figure 4 each of the figures represents a class of compounds.

8. Equations for entbalpy (cal/gm) were calculated from the data of Table I
by the method of least squares. These equations are valid for the temperature
range in which the measurements were made and are shown in Table 2.

9. In Table 3 a list of the equations expressing the specific heat (Cp)
cal g8m` degs' of the various samples is shown. These equations are obtained by
differentiating the equations of Table 2 with respect to temperature at constant
pressure, i.e. Cp "(----)

10. Table 4 shows the specific heat (cal gmn' deg-') of the compounds at
several temperatures.

DISCUSSION OF RESULTS

11. Except for Ag(CNS) and ASCN,, the equations expressing the enthalpy are
applicable within the temperature range -780C to +70C. (Enthalpy measurements on
Ag(CNS) were made between 0rC and +70OC. The enthalpy of AgCN. was
determined between -78*C and +509C.) Values obtained from these equations do not
deviate by more than the determined accuracy of r!le experiment. The accuracy of
the exFeriments is shown in column (7) Table 6. The differentiation of the equations
in Table 2 with temperature at constant pressure results in equations which represent
the specific heat. The specific heat equations reported in Table 3 are not as
precise as the enthalpy equations.

3
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12. Tahle .1 shows tht specilic heat ai .;everal temperaturts in the

temperatur.' range -5t' to +50(V. Cu MbNIIA has a higher specific heat at-500C

than at 09( . The revoon for this has not hcen investigated. It is not known whether
this is due to: (1) physical .,i Lh.etnical clangos in the sample, (2) theprescrnce of
moisture or the moisture correction, or (3 experimental errors. (The experimental
errors are discu ;sed in a subsequent paragraph).

13. Except for PbN,, none of the compounds lite J in this study has been
rrporaed previously. Clift and Fe,ieloff (Rý,ef C;) list the specific heat of PbN,.
with or without a sinali quantity of paraffin, as 0.09 cal gm"t deg-' at room
temperature. The specific heat of PbN, (dextrinated) taken from Table 4 is 0.110 cal
gm." deg-' at 25 0

C.

14. With the exception of Pb (CNS),, PbN, and Pb Styphnate, all the samples
were synthesized by the Chemical Research Section at Picarinny Arsenal.
The analysis of the samples synthesized at this installation is shown in Table 5.
These compounds were analyzed for their metal corntent. In Table 5 the
experimental results of the analysis are compared with the theoretical valu-?s. The
analysis of the samples which were not prepared at this installation met
applicable military specifications (Ref H).

15. To estimate the accuracy of the ice calorimeter and the reliability of the
results, the heat capacity of a standard sample of A1,0, was determine-d. The
A1,0, sample, which was furnished by the U.S. Bureau of Standards, was in the
form of synthetic sapphire (corundum). Additional tests were made on benzoic acid,
which is used as a standard for calibrating cc mbustion bomb calorimeters.

16. The enthalpy values obtained in this study for these two samples are
compared with those obtained by Ginnings an i Furukawa (Ref C) in Table 6. The
difference in the comparative values in calories is shown in columns 6 and 7 of
Table 6. Values for the change in enthalpy f~r four temperature intervals ate
given for A1802 . Three enthalpy values are :iven for benzoic acid. The average
difference from the values obtained by the U.S. Bureau of Standards is 0,09 cals,
This result is obtained by avera,3ing all the values shown in column 6, Table 6.
The average difference shown in column 7, Table 6 is 0.9%. The maximum
percentage of difference is at 30', where tht: change in enthalpy is the smallest.
The difference at this temperaone is 2.49,%. The st*adard deviation is shown with
each series of measurements,

17. Further examination of 7T41le 6 Indicates that the difference between the
results obtained in this study, using the ive calorimeter below 09C (i.e. -78*c), and
the enthalpy values of Ginnings and Furulkawa (Ref C), is 1. 14P, (The enehalpy
experiments made below 0(2, reported by Ginnings and Furukawa, were determined
;n an adiabatic calorimeter). This difference (1.14%) compares favorably with the

t rsge difference at all other temperatures (.9%.). Additional comparison of the
,.&.thalpy values obtained at -780C with those obtained at ot'er ,emperatures can be
mad? by examining the standard deviations in Tables 1 and 6. In Table 6 the

4
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standard deviation of the average enthalpy value at -78'C is; t .06 cals. Tnis
standard deviation is lower than all other standard deviations shown in Table 6.
In Tabl-e I the average standard deviation for the enthalpy measurements (gms
mercury) varies from .001 to .004 gms. rhis; variation is the same for all measure-
ments made below 0'-r (at -78"t) as well as those measurements made above 0"C.
The comparisons discussed abo-e indicate that the use of the ice calorimeter need
not oe resz;icted to high temperature measutements.

18. The general errors encountered in ice calorimetry are discussed in Refs
D, E, F. Some of the errors discussed are heat leak, rate of fall of capsule,
differences in pres.-ure, sample conditioning, and capsule correction. The
modification of the ice caiorimeter for use with explosives required that the
following two additional factors be considered: the presence of moisture in the
sample, and the size of the sample used. These factors as wvell as some of the
pertinent corrections mentioned above, are discussed below.*

a. Moisture in tlhe ua,aple

Because of the sensitivity of sonme of the compounds studied in this
report, all determinations were made in a capsule which was not airtight. This
precautionary measure precluded experimentation on a dry sample. Corrections
were therefore made for the presence of moisture. In correcting for moisture in the
sample, %he specific heat for moisture above 0*C is assumed to be 1.0 cal/gm.
Below O- the moisture is treated as ice, anid the specific heat correction is 0.5
cal/gm. The correction made for each compound at the conditioning temperature
i s shown in Table 7. No corrections were necessary at 70 0C because the sample
was considered completely drIed at that temperature, and the amount of moisture
accumulated by the sample while reaching equilibrium in the calorimeter was
negligible.

b. Size of Sample

The sensitivity of the compounds also required that the size of the sample
be kept to a minimum. The volume of the capsule used was 1.3 cm. This was less
than 1/7 the size of a capsule used at the U.S. Bureau of Standards.

c. Heat Leak

Because the heat leak of the calurimeter varied, cotrections wgte made by
taking rating periods before and after each drop to ascertain the nuantity of mercury
displaced. Table 8 shows the magnitude of the heat leak in a typical se-ies of
experiments. The percentage of heat leak is obtained by dividing the 2n unnt of Hs
displaced during both rating periods by the total amount of mercury disl.ac-, 0 in
ot experiment.

d. SampleConditioninng

The sample was conwitioned on an oil bath on which the temperaturc was
maintained cotwSant within ± .05*C. Although thA conditioning :ime was usually 40
minutes or lo.,ger, it was found thr.t the sample reached the temperAtute of the bath
after 30 minutes.

• As a result of the experience gained from this study, a !arger capacity calorimetar
with an airtight capsule is considered safe for use with exiplc ies and is
presently in operation in this laboratory.

5
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e. Rate of Fall

The rate of fall Of WCe capsule was not regulated, and the slight error

introduced wa. consi-:red :ecIigiblý. According to Reference F the mcagnittkie

of this error v, .ýs .027-.067., -'hen thre rate of fall varied by a factor of two and

four and thie conditiorn7,' tencperiture varied between 300'C and 900"C.

f. Condensation of Water Va~por

The calorimeter useri in this study did not incoporate a flow of dry gas
(helium) into the bottom of the calorimeter well, It is therefo:e possible that some

condensation took place on the wall of the capsule while the capsule anid sample
are cormng to equilioLIuni at 0OýC. This errur ;s minimized, however, as the error

caured by this source in the caiibration of the empty capsule largely cancels the

error caused by condensation existing with the capsule containing the sample.

EXPERIMENXTAL PROCEDURE

19. Apperatus

A schematic diagram of the apparatus used 'in this study is shown in
Fipure 5. Fi1 ,ures 6 and 7 are photographs of the apparatus presently used at
Picatinny Arsenal. This latter apparatus is similar to the orme which was used
in this study except that its capacity is larger and it includes a flow of h~lium
through thc central well.

at. C.onstant Temoerartut Bath

A constant temperature oil bath was used to make d#rterminations above
09C. To pe~form experiments at -7Bc0C the cocdlitioning bath consisted. of a dry
ice-acetone mixture. The unit consisted of a stainess steel behike with a brass
tr~he in the centor extending from the top of the beaker through the bottom. The

brais tube waz; silver 'Ildered where it passes through the bottom of the steel

beaker and was considered as an extension of the central well. The capsule was
suspended in this tube during the conditioning petiod.

b.LAut

The capsule was made of aluminum. The cap of the csapsge was made
With 90I eyelet so that a nylon thread could tie tied to it.

c. Calorimeter

The calorimeter proper cons~sted of a central well to which fins were
soldered. This portion of the central well was enclosed in a cylindrical glass
vessel. This enclosu~re was placed in a vacuum flask and made watertight. A
glass tube extended from the bottom of the inner glasa vessel to a mnercury well,
anud thence to a wci~hed be aker of mercury.

6
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Pr!paration of Calorimeter

20. To prepare the calorimeter, the glass vessel was completely filled with
deaerated distilled water. A .-opper tube was then filled with dry ice and inserted
into the central well of the calorimeter. This caused an ice mantle toform around
the central well and the f ins which were attached to the central well. The
formation of ice forced water out of the calorimeter. The ice mantle was melted,
and mercury was drawn into the calorimeter to compcrsate ior the decrease in
volume of th•. contents of the ca.rimeter. This procedure was repeated io insure
that an adequate amount of mercury was at the bottom of the calorimeter. The
final ice mantle was then formed and the calorimeter placed in an ice bath. The
inner glass vessel of the ice calorimeter now contained an ice mantle surrounded
by water with about twenty cc of mercury at the bottom of the glass vessel. The
mercury at the bottom of the calorimeter formed a continuous column extending
up through the glass tubing into the mercury well.

Determination of Enthalpy

21. The sample was placed in a cylindrical aluminum capsule which was t hen
suspended in the well of the conditioning unit and kept there for about forty
minutes. After this period the temperature of the sample and capsule had
attained equilibrium (the temperature of the conditioning unit). The capsule
filled with the sample was then dropped into the ice calorimeter. If the sample
had been conditioned above 00C the ice-water equilibrium within the calorimeter
would shift and part of the ice mantle would melt, causing a decrease in the
volume of the system and allowing mercury to be sucked into the calorimeter
from the weighed beaker of mercury. If the sample had been conditioned below
09C and dropped into the calorimeter, more ice would form on the ice mantle and
mercury would be forced from the calorimeter into the weilhed beaker. (The
amount of mercury displaced or absorbed by the calorimeter is directly
proportional to the enthalpy of the sample and the capsule). The empty capsule
was then dropped into the ca ktimeter, and the amount of mercury displaced was
subtracted from the amount of mircury afikcted by the capsule filled with the
sample.

Determination of Calorimeter Cunstant

22. The calorimeter constant is based ni the difference in volume between
one gram of ice and one gram of water at 09C. This change In volume caused by
freezing or thawing is accompanied by the evolution or absorption of a fixz.d
quantity of heat, the her, of fusion or kcat of melting. The calorimeter constant|'/usion --- whr
is obtained from the equation K dm (Vi wter where K is the

calorimeter constant in cals/gm(mercury), H is the heat of fusion of ice at
00C, dm is the density of mercury, and Vice, Vwater ate the specific volumes of
ice arA water respectively. The num.rical values used were:

7
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Hfusion = 79.7-.18 cals'gm

dm = 13.5955 gm/cc

Sice =1.090857 cc gm

Vwater = 1-.0013 2 cc/gm

When the values shown are substituted in the equation for K, the calorimeter
constant K - 64.641 3 cal,'gm mercury. The numerical values shown above were

obtained from those given in Reference D.

23, The amount of moisture in a sample at a given temper,%tur.- was estimated
by conditioning the sample in an oven at the same temperature. The moisture
in the sample was also checked by weighing the capsule and sample at several
intervals during an experiment.
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TABLE I

Enthaipy Values of Individual Experiments

Total Gins, ( a/i /- }lt
___ _ Ac- -Cal ulated

KDNB!7 -78.39 t .01 .828
.836
.838
.840
.827

.•834 - .002 -16.32 -16.38

31.16 t .01 .327
.334
.331
.319
.324
.323
.318
.325
.318

.324 1 .002 7. 15 7.37

50.06 1 .01 .5 7
.521
.524

.521 1.002 11.45 11.47

70.06 t .01 .738
.734
.736

.736 1 .001 15.68 15.80

Sn MBNHA -78,45 1 .02 .809
.808
.803

.800
.805 * .003 -10.95 -10.93

31.20±00 .312
.347
.352
.354
.354
.354
.354

.353 ± .001 4.55 4.57

50.03 * 00 .569
.573
.570

.571 ± .001 '.52 7.47

70.46 * .ol .807
.802
.805

.•05 ± .001 10.82 10.82

9
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TABLE 1 (Continued)

(Ht,- ha) Hit- Ho

Total./m c s/em
Temp, 0t HS (corr) calculated

Cu MBNHA -78.10 ±:.06 .823

.827

.813

.817

.826
.822 :t .002 -14.74 -14.77

31.20 t .01 354
.357
.338

.356 1 .001 6.13 6.06

49.93 f .01 .572
.372
.568

.571 t .001 10.13 10.26

70.25 100 .923
.827
.815
.817
.826

.822 .: .002 15.54 15.30
Cu CNS -77.97 * .06 .992

1.020
.999
.996

1.018
1.00b
1.006
1.023
.997
.990
.999
.985

1.002 1 .004 -11.76 -11.77

31.17 1 00 .428
.420
.430
.433
.430

.428 ± .002 5.1. 5.19

50.06 * .01 .692
.690
.688
.693

.691 ± .001 8.17 8.13

to
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TABLE I (Continued)

(H• - Hio) H, HTotal Gins, 14M Cal

Temp, °C Hg (cotn) calculated

70.35 ± .01 .967.981
.986
.975
.976

.977 ± .003 11.33 11.28

AS CNS 31.17 ± .02 .374
.367
.375
.374
.366

.371 ± .002 3.69 3.68

50.07 1 .00 .602
.597
.622
.599
.624
.580
.61c
.592

.603 ± .004 6.00 5.92

70.36 o.01 .849
.854
.837
.835

.654 ± .002 8.26 8.32

AS DNBF -78.25 ± 00 .811
.1104
.813
.908
.909

.809 ± .002 -13.01 "X3.08

31.20 * .01 .353
.354
.356
.356

.355 *.001 5.44 5.86

50.05 ± 00 .583
.584
.581
.581
.586

.383 t .001 9.41 9.12

70.41 ± .02 .816
.815
.816

.818 ..002 12.68 12.64

NI
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TABLE 1 (Continued)

(itH -lit . lo
Total Gins, cals/gm c s/gim

Ag2CN2  -7791 i .00 .836
831

.849

.849

.846

.842 t .004 -6 26 -6.89

31.23 ± .01 .368
.371
.368

.369 1 .001 3.08 3.00

49.94 ± .00 .587
.582
.576
.552*

.582 * .003 4.68 4.69

Not Included in results.

Pb MBNHA -78.05 1 .06 .91a
.925
.831
.823
.830

.825 1 .002 -8.76 -8.77

31.21 * .01 .364
.363
.361
.361

.362 * .001 3.83 3.85

50.09 * .003 .376
.576
.584
.579

.579 1 .002 6.01 6.01

70.44 1 .009 .824
.,32
.821
.823
.831

.826 f .002 8.44 8.39

12
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TABLE I (Continued)

(Ht - H .) Ht - H0
Totas Gins, Cals/gm cals/gm

Temp, *Ck HS (cort) calculated

Pb (CNS), -78.12 ± .07 .923
.933
.929
.927

.928 1 .002 -8.11 -8.09

31.19 ± .00 .394
.391
.389

.391 1 .002 3.20 3.23

50.19 1 .01 .631
.640
.633
.640

636 ± .002 5.24 5.20

70.12 ±..01 .891
.894
.89,

.893 ± .001 7.17 7.26

Pb NO -77.99 1 . 10 .915
.918
.911
.920

.916 ± .002 -8.34 -8.42

31.21 1 .00 .415
.401
.420
.401
.413

.410 . .004 3.54 3.61

50.04 100 .648
.664
.654
.65:0

.634

.653

.640

.652

.650 ± .003 5.84 5.69

70.38 t .01 .898
.908
.892
.914
.904
.910
.901

.904 ± .003 7.83 7.89

13
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TABLE 1 (Continued)

(Ht-. lio) fit - H°Total Gin, cals/in cals/gur

Ten C- fi. (corr) calculited
IP1, Styphna: -78.42 _ .0, 1.031

1.025
1. 028
1.023
1 028

1.027 ý .001 -11.48 -11.44

31.23 ±.01 .452
.453
• 456

• 454 ± .001 5.06 .5.04

40,86 1 .01 .732
.732
.729

.731 1 X02 8.16 8.16
70.20 * .00 1.045

1.046
1.048

1,046 * .001 11.66 11.61
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TABLE 2

Equations ior Determining the Enthalpy Between -78cC and +70C

KDNBF 2.168 x 10'"T + .62

So MBNHA 1.426 x 10"T + 9.783 x 10"ST2+ 8.361 x 1O"T3

Cu CNS 1.554 x 10"'T -1 .35

Cu MBNHA 1.826 x 10-iT + 2.409 x 10"4T2 + 4.318 x 10-4T

Ag DNBF 1.73 x 10"'T + .46

Aga CNjl 9.05 w 1o"T + .17

Pb MBNHA 1.156 x 10"T + .25

Pb (CN)J)I 1.036 x 10"T

Pb N,(dexttinated) 1.098 z 10"T -r. 19

Pb Styphn -.t 1.579 • 10"T + 1.270 z 10"4'r-2,558 x 10"TT8

.A4 CNU It 0 1.183 3c 10-IT

0 Equlktnonj auplicable from -78 0C to +50aC

6* Equatiou applicable from oOc to 70°.

15
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TAE.LE 3
Specific Heat Equations (cal m'" deg'*C') from .78C to +70cC

Cp (-h
KDNL;F 2.,18 x 10"

Sn NLINJIA 1.426 x 10"' + 1.957 z 10"t +0.251 x I0'atA

CU CNS 1.554 7; 10"1

Cu MBNHA 1.826 x 10-1 + 4.818 x 10"T + 1.295 x 10YT2

AS CNS" 1.183 . 10'

AS DNBF 1.73 x 10"

AgaCNa* 9.05 x 10"a

PbMBNHA 1.156% 10"'

Pb (CNS), 1.036 z 10"'

Pb Ng(dexulnated) 1.098 x 10"

Pb SyphnAte 1.579 x 10" + 2.540 x 10"4
T - 0.077 x 10O'TA

* See foototea In Table 2.
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TABLE 4

Specific Heat cal gm"l dog-IC

KO)NBF 0.217 0.217 0.217 0.217

Sn MBNHA 0.139 0.143 0.149 0.159

Cu CNS 0.155 0.155 0.155 0.155

Cu MBNHA 0.191 0.183 0.203 0.239

AS CNS --- 0.118 0.118 0.118

AS DNBF 0.173 0.173 0.173 0.173

AgaCNa 0.0905 0.0905 0.0905 ---

PbMBNHA 0.116 0.116 0.116 0.116

Pb (CNS)a 0.104 0.104 0.104 0.104

Pb Styphnate 0.141 0.158 0.164 0.167

Fb N4  0.110 0.110 0.110 0.110

17
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TABLE 5

Watal Content of C&-npounds

Cnqipound -.7Meltal (Experimental) % Metal (Theoretical)

So Mi13",!4A 46.87 46.96

Cu MI3NHA 31.90 32.16

Pb MUNHIA 60.67 60.72

AS DNBF 31.87 32.20

K DNBF 14.83 14.74
Cu (CNS) 51.J0 52.24

AgaCN2  84.30 84.35

A& CNS 64.50 65.00

18
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TABLE 7

Moisture Corrections in Cl&s*

Compound -789C 31
0

C 50,C

KDNBF .02 .03 .00
Sn MB3NHA .63 .51 .72
Cu CNS 1.40 .03 .00
Cu MBNHA 1.16 .42 .30
Ag CNS -- .00 .00
AS DNBF .22 .13 .08
A82CN, .90 .14 .00
Pb MBNHA .15 .10 .00
Pb (CNS), .08 .06 .00

Pb (N.) .24 .27 .22

Pb Styphnate .07 .04 .06

* At 709C no corrections were needed.

22
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TABLE 8

Hk at Loak During Several A120 Experiments

~nipe~r.tuure, 0C . Ieat Leak

-78.09 
.2

.3

.4

.2

.3

.4

.4

.3

Averag, .3%

31.21 
.6

.1

.0

.2

.4

.4

.6

Average .3%

50.12 
.7

.4

.6

1.1

.2

.3

-3
.2

Average .5%

70.24 
1.2

1.0

1.2

.2

.3

.3

.4
Avet&ae .6%
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ICE CALORIMETER ASSEMBLY

FIGURE 5
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Figur- 6 Ice Calorimeter, Partial Diasse.mbly
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